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[57] ABSTRACT 

A Viterbi algorithm error correcting decoder is config- 
ured of a trellis of branch-distance circuits each of 
which is formed of sets of diode and controlled inter- 
connecting switches. During a respective bit time of the 
signal to be decoded, the branch-distance circuits are 
controlled so as to connect a number of diodes in each 
branch of the trellis proportional to the distance of the 
diode branch of interest to the received code branch. 
Due to the nonlinear voltage-current characteristic of a 
diode, only the path through the trellis of the branch- 
distance circuits having the minimum distance from the 
received data will draw current Detection of this cur- 
rent-carrying path is used to implement the Viterbi 
algorithm decoder. 

36 Claims, 12 Drawing Figures 
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FIG. 5. 
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FIG. 7 
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. . - -. 1 ' ' b^h of the treffis proportional to *^««f«»°ff^ 

a Viterbi algorithm decoder for convolutKmal error ^ 

"'"CcS^OUND OF -raE INVEKnON BRIEF DESCRDmON OF TOE DRAWINGS 

BACKGROUNU w in^ diagram of a generahzed con- 

The objective for an error coiTea.onc«tog^- ^^^^^J^,^S7^xt,t,M ^ 
i„gto«hm^Uto provide, atfteiptri .^ „ "^J^^^Bs^gram innstration of the transi- 

wfabiUty to correct errors introduced mto the d*"^* FIG- 2 ^ "^J^^fgr successive bit times; 
^^^^T^SJe'^^y"*^ ♦"^□"a^o^I^ordS^transmission 
?SrsSfen^g^f^^«^-«- syLicontroningcanvol^en^^^ 
piisnea oy ^"ll^^ -jioj. to transmission over channeU and recetver/deooder, 
SL'Sr^ST.^^^^end of the commas- » ^4 is a blodc diagram of «te i. n= 1 convolu- 

Z'Z^^T:^^^^^ ^'^fo^^a'^Jellisdiagramofthet.a^^^ 
taf^£,S«rfnot too many errors occi^m ^ for successive bit times for the convolution 

Ac ^ind this decodmg process at the reccvcr pro- ^ pjQ 4 

?4a^tf« data redption. even though some «- « ^ , ^j^g^ showing the decoding process for 

^^Lemtioduced into the coded bit streiun as « passes diagram of FIG. 5; .-^^ 

the noisy communication channd q 7'Xo>vs a two^ath. two-nodejhode network 

^^""^r^J^r.^^y^^ for finding the minimum dist^ paO. between two 

SSra1;Sr.^r^p>- » "^CSshov^thetypi^lcurrentv. voltagecharac- 

S^S^vSg^e^^^l^ ^rJ's=£?^c.-H configuration Of a 

"^^^"^B^^^^^^r^ 3S "'^^ IStr^blockdiagramofashort^ 
^i^lSrCpSirSt- roSfviUialgorithmdecodermaccordancew^hthe 

^r-BHHr^^-S: '''^^tr^^a.uan^onschemeforan^t- 

^f-^'rJt^rJ^^^ « '-^G-^^bi dis^ce map^g ^^ction 
nf^Sw t>D751^722.^»ber 1971 and an article by G. for soft decision decoding. 
D F^iy entiUed "The Vitertri /dgorithm." Proc. DETAILED DESCRIPTION 

"^th^^^'^SSgtSi^i^t have been In order to fadUtate an understmKltog of d.e 

^sZ'^^^'^^ K-anSo^c-rd^LTto^r. 

^S^^^^fbe^^rSTu^SC » "Srfirneneral convolutional encoder u^ 
rS^^^Xi£lc^ S.Pat.Na3.m3g; to^eS data ^ the tnu^nitter prior to ^gj^ 

SUMMARVOFTHEINVEKHON ^^^^^r. !^^^^ 

In accordance wifli the present invention, a signifi- , thejrt bit b/in the serial input Wtsbean is oiter- 

cant departure from the digital appr^ ing stage 1 of the encoder register. 1^'''^^^'-';^ 

tional Vftertri algorithm decoder has been developed. B ^ „ are still in stages z,_i. .. Zf-« of the encoder 

m pteLt invLtion involves what fej^^^Y^ siift' ^11. These bits are ««mected to «wo^^ 
amdcj hardware configuration comjmsed ofa^od^ « u and 13 to form two output bite. Tuand 

swi^^ networic, that rffectively an lines U and 15. respectively. These bits may be 

solution to a shortest route problem ^^^^^j „^thematically described as follows: 
process. In its baac configuration, »1« ?°TuI^k- 

ST^t mvention contains a trelhs of (i) 
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. -.- i 

sir. can be determined, that is. the state to 

-r-Oifb.- .isnotco«.ectedtoMod2adderU. ^^^^^T^^''^'^^: ^S^^ 
l is connected to Mod 2 adWer 1^ SLSSiW. n-. ^t"*- 5,+ . «utang from 

|li=0 tf b,-* is no. connected to Mod-2 adder 13. ^^^.^^^ (hence pushmg b,_„out) 

if b, disconnected to Mod-2 adder 13. can be defined by 

micoadentsforaspecificcodeth^emme s,..=ax5,+6i Modd..2» 

^^Vf '^^"^^Z^^^^^<^'^^ t, Eauation(8)def5ningstatetransitionsleadstooneome 

« S^anTis^tainedbyplottingthee«coder^^S.a^ 

^ ' ^ ^ . • \ ft i 1^ All possible state transi- 

1 fi^^O at i=o! The particular sequence of encoder 
wouldbethetwogeneratorpolynomialsforthegeneral ^t^u„tered. as data bit en«^ing proceeds fr^ 
^ J code shown in FIG. 1. . ^ U,e i=a depends, through Equation (8). on the p«mc,^ 

For each bit time a new b, bit « P«s«ttdto the ' "^^^^^ bits. (bo. bi. - • • ). P'««'^/° *f 
J^t^ new bits. Tuand T^i. P'^'^'^J. „ ^^by the data source. In FIG. 2. the paA fol- 
SStiplexer 17 is switched to pass first T,^ » S^by the sequence of bits. (bo=l. ''•"O-.'^lS' 

SSuy out of the encoder over output lu« 18 for lowjA by^ ^^^uited by heavy fohd hue 2a 
^^ission over the channel. The code rate of the bJ ^ can be seen (and calculated from 

S^S^oLl encoder is defined as the ratio of Ae ^^^^g^fSat the sequence of encoder sut« 
^Srf toput bit rate to the coded output ratea^ for s,. Si. S3. S4. S5) is (0, 1. 2. a 0 0)^ 

-SStT^^ce^rrSe^*^^^^ iS^r^V^^^^^KS-^f^S 
"'hUratesarepossible^e^..^^^^^ ^S:^r^ri^ ^T.^^^^^ 

Solace of 2:1 multiplexer 17, a h code nUe « ^^'^sSTtauadS^ding the fimctionmg of the 

Sed wherein the output bit rate three umes the c^ ^ i„^ti„n to be detadrf 

faZ^bit rate. To simplify the present d«scnssionson ly several other comments should first 

«te i^nvolutiomd encoders of the type shown m properties of this ttell«. djw 

FIG 1 wUl be conadered. , j- ' Fire, it should be noted that every Ime. or brancn, 

"^Siier^ to be defined to faciUtatefin:^ Ac encoder states in the trellis diagr^^ 

si<fflof the convolutional codes are as foHows. The f""^^^^ ^ic input data bit causmg the sme tran- 

^S^t length. K. of the convolutional code «d.. SiSJSt^ur. This L> been stown in HG. 2 ^ 

fined as SO rating below a number of the branch« Aevdue of W 

(5, S^pondingtothatparticularbra^^Se^.note 

Theconstnuntlengththusdefmesthespanofinputb^^ SffnSSirt «<!S^ « ^^^^^ 

which influences the encoder output ^HSsBch labds have not been included m FIG. 

Another very useful concept for «nvoluUomd c»de 55 «P"*^,^^TSedia^ 
is of theliate of the encod«. Tte state of the en- 2toav«d ctatwm^ ^ ^ ^ 

^ at bit time i will be defined as S. where J^^e ^^inTp^ceslklicating bits input to the 

S^^^theco^ndingcoderoutputbttsplaced 

" «o on the channd at each bit time. . 

*= til An^tiier property of the code paths contained m the 

From equation (6) it is seen that die state of the encoder ^ From FIG. 2 it can be seen diat from 

SXW^ binary number representation of the to n branches emaimte (corr^^j^ ^ 

stored m the encoder shift register 11- The ^ ^b,= l respectively in Equation (8)). Alsa rt 
Sto ci thus be viewed as a finite state machme 65 b^ « ^ ^^hes conv«^ 

^XeS^of statesdefined asN,g.venby This convergent or m^^ng of palte 

occurs because of the independence of state S,+ 1 on 
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rnO. 1 as the new bit b, is inserted mto the encoder ^J ™^^^^ ^ the sequence of 

r^ffStaVL «^t,Amforconvolti- noisy encoded bits. CTiftTi/). path b 

•^rththetrenisdiagrmnyrstttt^^toc^^ likdy to have been transmitted sfflice rt 

tional encoding having been bnrf^de^^ ^ ^^^TSlSiing the snudlest nmber of errors as 

sion of the decoding of such codes at the receiver ^^Smi in transmission through the channd. 

not be presented. ... , .M^diaaamofanoveraU With todependent errors occurring from bit time to W 

FIG. 3 is a the prob- S^^^^nel (as b often the case for pracBMl 
^^J^^!'''^^(X^S^oJ: de- 10 S.^l)thepath,eq«iringthehypo4«teofAe^ 

lem that the decoder for tne «?"™.Ir«f fig 2 en- ^TLw ofwrors b the maximum likehhood path to 

«^ '^^^^el^Ver'^sS^th^'^ SJ^t^^S^-^ Viterbi Algorithm f«^ 

counters at Ae r«avCT. ^^^^^,^onal en- J^r^volutional codes b a techmque for findmg 

Sr^SlStnobJ^LcationchannelM S^lh^ugh the treOb diagram that b best 
"^h'SS^^^r «t ^ transmitter, the is ^ ^ved data represented by the CTu,"^ 
a:^tt^er.andtheint«c^ Sanch pairs bh s«,»en««.d^ nu^^^ 

_S^HnV between trananitter and receiver. For am- ^—^4^01 b implemented wiB be »*f="°"„^V._ 

Xdetermhring the path b«tmt^o^ 
SSSnre^imide on (the bit rate=2r) encoded (^.e i-D to bit tnne 1 (D is the allowed d«»d 

S^tSSd^ver the channel will be fons«te«A 20 ^ ^ ^ ^^t. b,_i. in the oUtet P«««>»^ 
S^^SfHe nobe introducedja^^^^*"^^ ^\ ^'ected by the decoder as the output de«sK.n. 

^^tSfta^rfa'^WtH^nineAe^ *"-lfoxder to better .pp«date some of th«eoperati^ 

2t^r^^bitstn=aminthefaceof^«rors^ ^j^f ^^^g of the spedfK: n= 1 code havmg an ea- 

moaX received encoded bit stream brts have b«" 25 ^f^^^ HG. 4and a trellb diagram shown m 

S^c^L^ly«M[:«^^ ^ 5tXdescr,l«i.Tl«e««de^ 

theptimedq«antities.r.,andT>lngeneral.fordara poly«muals 

dedsiondecodmg Asshownby tl.t««is<J^na^^ 

S^talnThas been labeled below the line wrth b,and 
^&^S.T2,encodedbitpairlabeledateve^el^ 

wheree.e^i.if^-0-- — — -^^'^ ^^rr^^sKi^"^- 

nrr^Cifno error b made on the i^bit. and e ^i^^^^^.FIG. 6. M ^of S 
d.S^modulo.2 addition. _.„^r.and tr^is diagram b an indicatkm, for «c*Jb«^ of ^ 

^ shown in FIG. 3. the serndly ««^«^»' 40 diagramTof the bit time. U an assumed sequ«ce of r^ 
T^te«e separated by a demnltipl«er M v«& y«r.. each bit time; the correspondmg e^ 

* ^'^T,,.btabeinE coupled over hnes 32 and » lat ^ "/r? t.t,- an exemphiry set of errors. eifcCK and 

demultiplexer output line ^ ana A ^ * ""^^X,, - dieted number indicatmg the 

a5r"of1^1yS^"2S « ^^^d^ f^ a pad. into «jch.of 

S^^K^'?J^wXSt^-i«P'^««>«> SSSSThus.thepathintoeach«^^c^ 
SSilS4o!and the decoder 40 b e^ to pro- ^.e minimum accumulated d^tance up to that state has 

S^^^^w^^Dl^tSo^Srs^S^- 'T.SSS-theoper.tionofthe Viterbi Al^ri^ 
STddav to the decoding process. The bit 60 once two paths converge on a common 

^.S bh£dtedb,-i,inFIG.3andtheseestmiates ^^^^ the trdlb diagram, the larger distance path 
^^ifrdL^40atbit«te=randare X^Lte node can be dimin^^^ 

^-a^of^operationofthe«.r^ ^ ^Z'^'^^^^ 
tlJ?de^«S^follow. the utiUty of the trelhs dupam 65 to^ng ^ duTcommon 

;^^^ofnG.2forthe«>nvoh^«coto ^"^^^ed for both paths «^ thus there^no 

KSstandmg the operation of^^«^^ SJfor the larger dbtance path at the common node to 
come very evident. Most simply stated, the tasK 01 me 
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^^^^ ^s^iu'i^ssoss^) 2^. •«"^,'-j^r'7"w^rs.-k. 

comptwl by .MioS >1« '''"^^J^^ 

If^r V»lIr^hS3ches leads U, bo=l at ^^^^^^^t previously, by using the novel aju^og 

'^T^^^^^JoS performing the survivor J"'^?^ ^e shortest route technique and mte- 
JS^^hconLaion bits and storing them, by drter- ^ ^p^^ t^is purpose, the present ^venuonjs com 

d^g uTL^ an ai^og circuit based on *e^^ S^^^tch SWl conn^ «^ *°fl^'St 
J^liading the shortest route through the trelbs 60 co^^ ^^^^^ ^2 ^r^Sit^SWl 

Shows a basic two-path, two^o^-;;^^ Z%^^^":^^res^^^^^ 
to find the shortest of two brt^*" Sw.1 bits cj««l C. so that the appropnate n^b« 

Se r-des A and B- Route l«as«nn^J^ ^ve o»nt« ^ ^ ^ ^he branch^Uance are connected 

S^Rl^Tlie number of diodes m^h^ oSce' ctT^^DCs) are used to construct a net- 
Jl^rtional to the distance of each path. The diodes. Lns 
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work for finding the slMrtest route (mintoL^ . .„ . (») 

"X) tL n= 1 tieUis diagam of FIG. 5 1^ »,.p = a f /. > «. 

makes use of the fact thiaonU^tod^ =,.«her*fa. 
route path through the network connected bctwe« 

Nodes AandB will draw current The prnraples to 5 _^^^^o„o„b,_ojs coupled over output hnk 95 to 

^easforthecasesbownin nG.7.but.nnG. lOto de^ed output bit It is also connected 

network connected between Nodes A aid B multiplexers 91 and W for muWplcHng the propw 

with the complex diode ^ STin^ Sm«l bits to control branch i-D BDCs on the 

v^erein each branch contains a BDC as shown m FIG. ^ Multiplexers 91 and 92 

9. . ■ ^ „f „ are leqwred since if b,_i)=0 (i^ ii 12) then «i fl»e 

As shown m FIG. 10, the network « «>«P«««,*V followbig bit time the upper state 0 node must be «m- 

of branch distance circuits 61-TO co^ fulled over^ comiected to Node In 

tween Nodes A and B which are coupled to ^ ' (C'oQ)._£>=(Coo)/-i)+i (Cn).-/>=(Ci- 

^vdy diffe.«.t potentials. Omtrol of to^^ S^^^^lfhS^. b.-L. O-e.. ir<i^ 
^ of each circuit is obtamed for &e «^«*^ " foU^B bit time the lower state 1 node must be con- 
st^es 101-133 of shift registers 151-154. wtag^a« f^<^g « ^ ^ Node In 

Sosed in output links "f^^,;^ &oo)/-i>=(CbO,-i>^. tC'u),-!,^^ 

calculation circuit 82 to which the recave '»o«y^ Multiplexers 91 and 92 are necessary there- 

ael signals T„ and Tii are apph«L Bran^.^^^ Si^Tto cw.tiZ foBowmg the shortest route through 
calcnS circuit 82 operates on the unknciwn mco^ 20 fon^^^ 

tog signals r„ and Tv from ^^'^^^J^^ jTie^ bit time, a new ««ived tamch 
pildi^sets of binary outputs on hnfc 141-144 rqp^ r u^,!^^. . » pair « i»P«t ^ ^ "T*' 

Sidveofthesuccessivedataval^^^^^^ S^S^ip'l^uced U branch distance ^ 
circuit 82 may comprise a two level '^^^^^^ „ ton circuit 82 and input to register stages M3-133. aU 
such as a hard Kmiter drcmt. o^.'^'^Tf J"?.?^ " c^t^ registers ^ to the left thus advancmg tte 
sion fimction. descrfted below. Lmte 1« S^diagr^one branch further along the recenred 

coupled to multiplexer 91 tteoi^ut of wh^««« ^^J^J^^Uie decoding opera^ 
pled to control bit register 9^ while >««ks a?d 1^ ^^Scuitry shown in FIG. 10. for n= 1, P«vules an 
Le coupled to a multiplexer 92 &e ou^^ of wta Jj« anSg^oric that accomplishes ahnostj^of the 
coupled to a control bit regeter 94. Each of m«»Opto' » wai^ Algorithm decoder for 

e,s91and92isswitdu*lycontr^ed^aB^ codes. Advantageously, the netwoA b 

95 ftom a bit decision <^,^-^^^P%^ fairly simple, consisting primarily of many «>»a^^ 
labeled by the Tii^v bit pair for «lj^brand^or pur P^^ ^^^-^ ^ „ 

poses of clarity. FIG. 10 docs not show the con^brt ^og ^ f^iree diodes and two smgle 

^ections(Co.C,inFIG 9).Howev«;^^^ !;2i|r4row switches. Auspidously this «rw:to^ 

a branch is comiected to these 2*it Ei^f readUy to implementation on an migrated 

stored in the C*, r^ '"^j^^^^^SiZ 5^- StoS with Lrico Jductor diod« and » 
at the top of the diagram m FIG. 10. BDC Im is con Decoder may be configured m a 

^r5^.io^ri^^innG.10«.«fonows. « gi^packageandcapableofopemtingatveryhigh 

At each bit tnne. the received code t'"^,^ '^^^ -^heViterbi Algorithm decoder is obtiuned wW. this 
inputtotheBranchDistanceCalcutotorM.TteBr^ ^ without to re- 

uLance Calculator 82 computes for to more complicated digital add-com- 

received branch. T-ifcTiAlromeachofttef^ 2^ect circuitry for updating survivor metn« m 

code branches. T,i.T2,-=0a 01. 10^ and 11 and o«^ 45 ^omiection storage, and tiacAadc 

*?^^*''*SMl-l2^to'JSkSto^^^ SS^uired in prior art implementations of ttas 
?S^s;*°ofdS!^cintrdbiisbinpm tostage^ ""^jSbe recalled from to description of FIG^th^ 

shift registers 151-154 wMd. ^J^^^fi^: 50 the decoding scheme for to cham«l employs a branch 
sets of these control bits. Tbroj^ the co^c^nec^ 50 ^J^^^^ fo, the recdved chamid demul- 

tions eom shift registers l""^ »o5«= .^S'.t^S S«fa^«q)onseto to output of to error corre^ 
thediodetrdlisne^voricisr«»nfigureda«^ iS^plished with to decoto of FIG. 

time to contain a nmnber of diodes <».«^»»!X,™ Mta to following way. Note that to voltage drop 
Ttrdlis network equal to that branch's dBtance from J^^Jfodetr^ftomnodeAtonodeBispropor- 

theiecdved code branch. r... r.. is tional to to number of <Kodes O-e, distano^m to 

After a new set of «»»t~l Si^ distam:e path through to trdli^ Thus to 

dodted into shift registers 151-154 and an to^s ^^'^ al ead. bit time serves as an 

switd.es are controlled, to 'T'J^f^^^J^ toSon of to rdiability of decoding. Low voltage 
andi2atto"oldest"endoftotrdhs^NadeA)aro ^, chamud errors exist on the nmn- 

compared in bit dedsion cmart 81. »?f " ^distance path. Thus, if to brandisyndm>n|ptK)n 

madrby to dedsion drcuit 81 on whidi of the tv« J^^t^verage voltage across to trdhs wffl 

brandies is drawmg to most current^ "L^L^ wS^te to to algoritimi's inability to f"^P«f 
comprising to BDCs had to ideal charact«sttc ^"^"^ ^ having a small distance from to 
Sn in FIG. 8. only one of to «2f«f ^ SSud^ Sron^ brand.es input to to de- 

non-zero and would correspond to to ^o^^^ 65 ^^^^ btandi syndttonirer demnltt- 
pati. through to trdlis. To allow fo^fon.^tod«^ gSi«TO^3bcontrolledsudithatr,.T2,paii8are 
STdedsion drcuit 81 is competed of comparator ^ .jgcoder in to mamier that to average 

drcuitry to implement to decision on b;_D as P"»» 
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treUis voltage drop remains bdow some predetenmned 

threshold. . . . 

It is also posable to use a quantized version of the 
instantaneous trellis voltage at each bit time topro^^^^ j 
a reliability of decoding indication for each decoded bit. 
since that voltage is proportional to the distance of the 
minimum distance code path in the trellis from the re- 

'^T^^^ the complexity of the diode trdBs lo 
Viterbi decoder as a function of the n parameter of fte 
encoder, it is necessary to compute the number of d»- 



Nmnber of aenuBts Ri^ui«d to Imptemcnl the 

Trellis Viterbi Decoder for n 1 to L — 


Eitcodef 
Memory, 
n 


^ Diodes 
Nd 


0 Switches 
N, 


§ Bits Storage 
Nr 


1 

2 
3 
4 
5 
6 
7 


78 
282 
810 
2.106 
5,178 
12082 
28.410 


52 
188 
540 
1,404 
3,452 
8,188 
18.940 


56 
104 
152 
200 
248 
296 
344 



encoder, ii is ne«=>»ijf ^ ^ 

odes, switches and control bit register ^«ib^vb^ D.i.-«»cd »b. 6a. k = . ^ .. 

TaJdna into account the reducing number ofBDCs tor 

the n Lnches at the oldest end of the trellis where the » description of Ae f^^}^"^'"^ 

n^ber of branches is halving for each older branch, ^ it has been assumed ttot 

rSlnumberofBDCs.NBix:.5sBivenby ^ 'i^^'^) ::TZr^.Ti>^n^^ T2, 

■•• cuit 82 on the received code branch bit pairs, I i„ 1 2^ 

Nsac=^D-.^r>^-'-^ 20 Also, it has been assumed that *e disuno^ 

branches is the Hamming distance »«tw^J»f J^T 

^^Z'l.'^^^^-'- pul^toS^ttheBOesinthediodetrellishasbeen 
£ 04) becomes: 25 given by: 

SinceeachBDCrequiresUireediodesandtwoswitches where, from Ecs. (9) and (10): 

ta FIG. 9). the number of diodes. and num- 30 ,„^r,*ru 
Ur of switches N,. required to implement the decoder 

are: 

onAe particular values of e„ and ^2/ for the trelte 
and ^^h. The Branch Distance Circuit (BDQ shown m 

trdlis requires 8 bits of storage (the 4. 2-bit quantitt« fto ^f Ais decoder implementation to the 

Coo. Cio. C„ in no. 10) «l.fX^mr- ^ offid^ion quantization of the T 
smaU savings that may occur as control the receiver as described below. Soft dec«ondecodtt« 

pieced at the oldest end of the treUte asm MUX land 45 ^^^^ ^ ^bout 2 dB better performance 

MUX 2 in FIG. 10. the number Nh of register bits re- f^an hard decision decoding. 

fc. Considering the case of 34rit (or 8 level) quantization 

of Ae Tu ami T2/ decision voltages at the recav^ 
N«-m+n ^'^ Wevd quantization of these decision voltagM may be 

*" 50 ^^ted as shown m HG. 11. FIG 11 shows that 

Again, assuming that D. the decoding deUy is 6n. equa- ^ ^^ed signal vohage for °' ^ ^ 

^ M«TL«>nL- encodedbitsisquantizedmtooneofthennmbMs0to7 
Hon (18) becomes. «c^ absence of channel noise, the tecenred signal 

Ni.=«(*-+0 voltage for a coded bit would Ue at the 

" ^ 55 or depending on whether the transmitted 

ti Table 1. there are tabulated and N«fr«m cod^>«s. TwandT^^ 0 orj^. ^I^el^^^^^ 

« J^i^bSblf^ybedermedas: 

gration (LSD techniques. The n=6 decoder (which .s e„=|0./-T„l 
Sout the largest n, high bit rate. OTorj»«T^ 

Viterbi decoder presentiy commercially available, re- ^,=102,-72,1 
fj-jRidiodM: 8.188 semiconductor switches; and 65 

TO„«do..!l.BteLSIohlp«a.8pt~«>LSI>«*»<>'- Jit (23) ««l W • """"I""""" 
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Ac 64 possible combinations «>[,«>^^° .f ^^^^^f *^led in paraUd tb^th. said switch bemg sclec 
mapping function d(e,iea) table resmcted to the set ol ^^^^^^ by said controlling means. 

integers, (a 1. 2. 3). ..5 5 An amagenient according to claim 4. wherein and 

■^ficantly the branch distance mappm& d(eu e^) ^ ,„d^3^diode circuits contain diodes havmg 

of HG. 12, which only employs U»e integas, }• 2. ^' Xai^e,, different voltage drops thereactoss. 

^ormswithin0^dBoftn««^-levelV«n^ '^f^I'^Stacc^gtoclahn4. wherema^ 

Pormanceandwithi..about0.5<fflof^^q^^ ^d^^ diode dicuits emtam respectively drf- 
^televeb) soft dec«K>ns^eJ»^.A the n^P^^ 

orFlG.12.sinceonlybrancbdistan^f0.1.2OT3are ^ according to claim 2, wherein saul 

^dmi. one can use the conwSS^^indndes means for storing signak 

no. 9 to effect soft dedsion Viterbi decodmg usmg the ° f successivdy recav«i ones of said 

^Se treUis shortest route drcuit of the present mven- ;^»^^**i^^Uiig prescribed ones of said 

t"0^ r .K. f«r«««nB descrip- 15 diode drcuits in accordance with prescribed ones ot 

As wffl be appreciated from the fo^^SOmg ^otik « respectivdy. ^ . 

tion. the trdli**onfigured J!7»y ."PPr"^^* g Xx^W^taS«iingtodaim7, wheremj^ 
Vtobi algorithm decoder a«»rdmg to AeP'«^ outpm^SS means comprises means, coupled to 
invention p.ovidesasignificantreducoonm««^^^ ^STrSof sdd tnJlis. for.genenitmg an out- 

and cost ^mpared to digital processmg ?[ SS^^ accordance with whidi of said sdected 

previously available decoders. Tins simphaty Mid ite 20 P« ^ ^ ^ ^ravw the largest current 
Lpabilit/of bdng implemented usmg toge s«le mte- branch ^ ^^^^^ to daim 7. fu^ 
giited drcuit packaging techniques makes tte«^en f^, generating said successive repre. 

a particutoriy attractive sdunon to the convolu- i„ ,|ponse to prescribed dBuactens- 

tional code error correcting problMB. , 25 tics of said recdved agnals. ^ ^ . 

While I have shown and described several «rf>od^ 25 '^ °'^^^^'Z>yr^ to daim 9. wherem 
,„ents in accordance with ti»e "r^^J^ ^ saW g«erating ^comprises means for hard hmit- 

undenrtood that the same B not hm.tedA«rto^tB ^^^^^^^^ , • . u^n 

susceptible of numerous changes and ""o*^^ "'^l An Arrangement according to clami 9. whetem 
^ to a peBon skilled i" the art. and I ^^^^ saW g^e«S^^ comprises means for generatmg 
not wish to be limited to the detaris shown ^ ^ " ^ f^vl representative signals based upon a pr^ 
scribed herdnbut intend to cover all SlX^on^P between tiie ampUtnde of«rfr^ 

modifications as are obvious to one of ordmaryskiUm . prescribed comparison reference 

the art function. . . ,^ 

What is claimed: . 12 For use m a digital data communication system 

1. For use m a digital data «»™"«*^^^ wh«da mfonnation rignals are subjected to convolu- 

wherdn information signals transmitted oy« a commu- ^^^"..^^.^^^g and transmitted ov«r a 

Tication diamid are ^f^^JZT^^t^ ^^tion dumnd, a Vitertri »»gorithmde^ 
coding, an arrangement for decodmg signals received ^^J^^g digital data signals tiiat have been trans- 
over said channd compnsmg: -lectrical 40 mitted over sdd channd aMnpriang: 
a plurality of drcmt demente. \P^^^^^ * ai«escribed pattern of drcuit dements, a prescribed 
diaracteristic of ead. of ^J""'^?^^ * ^^.^^teristic eadi of whidi is controBa- 
arranged in a prescribed pattern between first and STcTpled between first and second reference 

second reference potential nodes; ootential nodes; , . 

means, coupled to said plurahty of cmant d^aitt. ^^eoupled to said prescribed pattern of cHcmt 
for controlling the constituency of sajd p^J^ 45 "^^ P^, „^ui„g the effect of said «rcmt 

said drcuit elements m response to signals receivea ^gn^ts on tiie dectrical characteristics of said 

over said channel; and i„ response to agnals recdved over said 

means, coupled to the presOT^edpattemm ^^ricaticTdumnd; and . 

said plurality of circuit demente are mo^^pled to said prescribed pattern of arcnrt 

^ said first and second reference potentffll 50 ""^^^P^een said first and second nodes, for 

S^es, for generating an p»t,«t «P^^«^ £SSrS.ut representative of a re«v«d 

«»ve.«l information signal m «««^. ^ £tal daL signalin accordance with the dffective 
the effective minimum dfetance path. dis^ path of current flow through 

pattern, of current flow between said first and sec ^[S[^«tern between said first and second nodes. . 

ond.reference potential nodes. • ^ 13 An Mwngement according to dann 12, wherein 

2. An arrangement according to claiml. wheransiud .^^^Z^^^t^ comprises a trdlis of said c^ 
prL^^edpa^fcontrolM.ledr««.td«^ S^^l^S^een ffirst and second node^ 
jTisesatrdlisarrangementofd.odecircuie,^d^ deanenK ^ ^^^^^ 13, ^h«m 

drcuit comprising at least one diode and a switch cou J^ 'Zr^^i means comprises means, coupled to 

pled tiicrewith. ^win said sdected branches of said trdlis. for generatmg an out- 

3. Anarrangementaccoidingtodaim2.wto^ ^^resentative of a recovered digital data s«Kd m 
switohiscomiectedinparalld *^*J?l,**^^eS Eo^^^with whidi of said sdected brand«s of said 
spective trdlis brandi and IS sdectivdy opened or ^ ^le targest current . „ , • 
dosed by said controlling means. ^^^^ -.^ « le An arrangement according to claim 10, wherem 

4. An Lrangement accordmg to ^ saM coSiXg means indudes means for stormg sig- 
prescribed pattern of ^^^^^^^^^^^ ^ S^t^ve of successive ones of f» ."^fvrf 
SS'^SST^"^^^^ signiSf^Tcontn^lling presented ^ 



4,545.054 

H -1^ 27 An arrangement according to claim 2S. wherdn 

elements in accordance with prescribed ones of said J^'^^ diode drcuits contaii respectively 

stored signals, respectively. ,b a.-w different numbers of diodes therein. 

16. An arrangement accordmg to claim 15. turtner por use in a digital data commanication system 

including means for generating said su^ve tepre- ^ irformation signab are subjected to convolu- 

sentative signals in response to prescribed charactens- ^ transmitted over a communica- 

tics of said tecdved signals. . „ u • don channel, a method of recovering digital data signals 

17 An arrangement according to claim 15, wheran ^ ^^^^ transmitted over said channel compns- 

said generating means comprises means for hard bmit- j,,^ (1,^ s,eps of: ^. ., 

ingi^receivedsigmds. ^ ^ . lo (a) providing a prescnT^i pattern of orcmt elemente, 

18An arrangemoTaccording to claim 16, wherem a preselected electrical characteristic of each of 

said generating means comprises means for generatmg contronable. between first and secona 

iQ An nrranffement according to claim 15, wherem channel; and 

SSoX^XwSchSdSeSSbranchesKdd ^^-^^IS" 

"1^5::^'g^a=ig.oclaiml,,^e^ ^^^p^t^S^^^lU ctSS^ 
each of said circuit elements compnsesanori^ S^'V^S^^nd nodes, each diode circuit on a 
cuit device and a switch coupled herewith for control- 25 containing at least one diode and a con- 
ling the effective electrical insertion of said de>ace m a ^j^'^^^^^^S in parallel therewith. 
SSich of said trellis in response to a control signal ^^^^^^^^Xg tSm 28, wherein step (c) 
applied thereto. , ■ „.i.e™i„ comprises generating an output representaOve of a re- 
a An arrangement accordmg to claim U wheran ^^^^ data signal in accordance with which 
said prescribed pattern of drcmt elements ^PJ^ ! one of pluiS selected branches of said trellis draws the 
txdfe of diode circuits coupled betwe« said first and ^™ ^^^^^ 

second nodes, each diode circuit in a trellis birach com- | according to claim 30. wherein step (b) 

prising at least one diode and a controllable switch ^ ^ generating signals representative of sueces- 

coupled in parallel therewitii. 35 ^nes of said received signals and contfoU^nS pre- 

22. An arrangement according to claim 21, wherem ^j^^^, dements m accordance with 

said switch is connected in parallel with said diode m a ,^t^ ones of said generated agnals, respectively, 

respective trellis branch and is selectively opened or 32. a method according to claim 28, wherein each of 

closed by said controlling means. . said raicuit elements comprises a nonlmear circuit de- 
23 An arrangement according to daim 22, wherem ^ ^^^^ switch coupled therewith for controUmg the 

said Eenerating means comprises means coupled to se- ^^f. electrical insertion oFsaid device m a brancft 

lect«5 branches of said trellis, for generating an output ^ ^ in ^sponse to a control signal applied 

representative of a recovered digital date signal m ao- a^^reto. , . „ . .. 

with which of said selected branches of said 33 ^ method according to clami 32, wherem M^d 
S^ws the torgest current . 45 prescribed pattern of circuit dements «wipnses a trd^ 

mZ^S^ according to cUim 23, wherein diode circuits coupled between ssud first and s^d 

„M«nntrollinB means includes means for storing sig- „odes, each diode circuit in a trelhs branch compmmg 

^ S^^ti^^sSve ones of said received one diode and a controllable switch coupled m 

signals and controUing respective ones of said diode paraUcl therewith. ,„ H«im 31 wherein step (b) 

eS in^rdance witi. respective ones of said 30 ^JJ^^tSj^TS-^A^^ 

'^'^iif^naement according to claim 24, wherein said prescribed ones of said circuU demote m accor- 

eaS- second diode danc^ with said prescribed ones ofsaid stored generated 

with, said switch being sdectivdy opened or dosed by -^^'^l^^J^';;'^ referent function, 
said controlling means. ,c ,„w«n 315 a mrfiod according to claim 35. wheran step (b) 

ing effectively different voltage drops thereacross. 
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